by fluorescence in iodine with nitrogen present do not appear to have been made by them.
The present work is concerned with the bands near 2700 A and with the " continua" 3425 and 4300 A. Mention is also made of some new bands in the region 4630-4440 A. The " continua" are shown to consist of sharp bands when the pressure of foreign gas (nitrogen) is high, and it is extremely doubtful whether a t low pressures any genuine continuum is produced. Rather the low pressure of foreign gas appears to allow the development of a large number of bands, whose overlapping gives the appearance of a continuum.
Plate 13, strips ( d) and (e), shows these " continua" and bands und dispersion. The bands near 2700 A may be seen on the high frequency side of the wave-length 2727 A, which is marked. Other wave-lengths referred to above are also indicated on plate 13.
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The iodine was contained in a clear quartz tube, on one end of which was sealed a quartz window. Light from an aluminium spark fell on the side of the tube, and the fluorescent light emerging from the window was examined spectroscopically. For the ultra-violet region, two quartz spectrographs were employed, namely, a Hilger E 2 instrument, and one giving a slightly greater dispersion constructed from a mounting originally intended for use with a plane grating. For the visible region, a dense flint prism was sub stituted for the quartz prism on this mounting. The spark was fed from a 64,000 V transformer (2 kVA output) with a bank of oil-immersed con densers in parallel with the gap.
When the quartz tube was filled with nitrogen at atmospheric pressure, and the spark operated, the green glow described by Oldenberg was observed, due to the continuum at 5100 A. After a few minutes' running, however, a fog appeared in the tube, due presumably to the formation of solid particles caused by photochemical union of iodine and nitrogen. This fog scattered the light from the spark strongly, and it was found necessary to sweep it away by streaming nitrogen through the tube continuously, otherwise the fluorescence spectrum would have had a strong aluminium spark spectrum superposed on it. I t is intended to investigate the photochemical reaction at some future time.
Where the intensity of the spectrum was sufficient, Ilford thin film half tone plates were employed; the graininess of these plates was quite negligible. For photographing the less intense portions, Ilford rapid process panchromatic plates were used. The appearance of the spectrum may be seen on reference to plate 12. The different band systems developed are considered in the following sections.
The band system 2520-2730 A Reference to spectrum (c), plate 12, shows th a t these bands form a fairly compact system, degraded towards the red. The intensity distribution is remarkable in th a t the intensities of the bands fall off sharply a t the long wave end of the system, and very much less sharply a t the other end. No doubt the high intensities of the bands a t the long-wave end are partly spurious, due to the overlapping of bands in the sequences. 2  36833  2642-3  37835  2580-3  38744  2704-7  36962  2637-9  37898  2577-2  38790  2703-6  36977  2635-6  37930  2574-1  38837  2702-5  36992  2633-2  37965  2570-8  38886  2696-6  37073  2626-7  38059  2567-9  38931  2695-4  37089  2624-2  38096  2564-6  38981  2694-4  37103  2622-7  38117  2561-6  39026  2687-3  37201  2617-6  38192  2558-4  39075  2686-0  37219  2614-9  38231  2555-1  39126  2679-0  37316  2611-3  38283  2552-4  39167  2677-4  37338  2608-3  38327  2548-9  39221  2668-7  37460  2605-7  38366  2545-4  39274  2665-7  37502  2601-9  38422  2543-0  39311  2664-0  37526  2599-1  38463  2539-4  39368  2660-0  37582  2596-5  38502  2533-5  39459  2655-3  37649  2592-9  38556  2524-2  39604  2651-2  37707  2589-9  38600  2513-9  39766 Wave-lengths and wave numbers of the band heads are given in table 1. The vibrational analysis is set out in the usual way in table 2 and shows satisfactory agreement between corresponding values of (o (the interval between consecutive bands in a progression). The average values of (o' vary from 96 to 93 cm.-1, those of co"from 148 to 111 cm wave end of the spectrum, the progression with v' -3 can be extended to include four more bands which are, however, too faint for measurement. The v" numbering has been assigned on the assumption th at the last band observed is the 3-0 band. It is of course possible that more faint bands would be observed if the intensity of the spectrum or the time of exposure could be increased, but neither of these possibilities appeared feasible. In any case, a lower limit is set to the v" numbering. With regard to the vibra tional numbering in the upper electronic state, the progression with lowest v' is a progression of the strongest bands in the system and shows only a single maximum of intensity. I t may therefore, according to the theory of Franck and Condon, be supposed to be composed of bands coming from the level v' = 0.
In table 2 a curve has been drawn through the strongest bands in each v" progression (horizontal row). This curve is a Franck-Condon parabola of the " open" type corresponding to a considerable decrease in internuclear distance as a result of the change in electronic configuration, and is of the kind to be expected in a system with the vibrational frequencies oj' = 96*5 and a)" = 158 cm.-1 (these values are obtained by extrapolation). On plotting the interval o) between two consecutive bands in a pro gression against the mean v" for the two bands concerned, a graph is obtained which consists of two linear portions, with a change of slope at v" -17. Up to this value of v", the band heads are represented by the formula
Owing to the small range of v' in the bands observed, the value 0-3 cm.-1 for the constant xea> ' e must be regarded as very rough.
The band system 3450-3040 A " " 3245 A)
A reproduction of the bands in this region is given in spectrum (6), plate 12 (fluorescence in iodine at room temperature, in the presence of nitrogen at a pressure of 1 atm.). The general distribution of intensity in the system is very similar to th at in the bands described in the previous section, except th at the fall in intensity from the maximum (at about 3420 A) is very much steeper. No bands have been recorded at wave-lengths greater than 3454 A, but in the other direction the system extends at least as far as 3040 A. Table 3 gives the wave-lengths, wave numbers and assignment of vibrational quantum numbers, together with the wave numbers calculated from the formula
The observations of Skorko (1933) and of Warren (1935) , who have ob tained some of the bands in absorption at high temperatures, made it very likely that the lower state was th at of the normal iodine molecule, and the known vibrational constants for th at state (Jevons 1932 ) have been inserted considerable uncertainty. Owing to the fragmentary nature of the progres sions, it would not serve any useful purpose to give a scheme such as th at in table 2 for these bands, but table 4 is given to show roughly the intensity distribution. The fact th a t w" is very nearly twice as great as o)' gives rise to a phenomenon already noted in the <-absorption system of iodine (Warren 1935), namely, th a t in part of the spectrum a number of progres sions coincide more or less exactly to give the appearance of a single pro gression of bands, which appear diffuse if the coincidence is not exact. Measurements in the region where this occurs have not been made, as they are quite useless for the purpose of analysis; this accounts for the gap in table 3 between 29,977 and 30,850 cm.-1, and for the omission from table 4 of the bands in the neighbourhood of a line joining 7-16 and 2-19. This fact must be kept in mind in considering the intensity distribution shown in table 4. The distribution of intensity supports W arren's suggestion th a t the long-wave " edge" or limit of the system can be explained in terms of the Franck-Condon theory of intensities, as was done by Loomis and Nile (1928) re is estimated from Morse's relation = constant. The relation does not hold exactly, for (oer% has values 4020 and 3500 for the two states con cerned in the visible absorption bands of iodine. A mean value 3700 has been used for this product. De is calculated on the assumption (Mulliken 1934) th at the level here concerned dissociates to give iodine atoms in the 2P | and 2P | states respectively. The work of dissociation, De, is given by adding the energy of the products of dissociation (54,632 cm.-1) to the work of dissociation for the normal state (12,435 cm.-1) and subtracting the energy of electronic excitation of the level (33,744 cm.-1). The agreement in position between the theoretical locus of greatest intensity in a horizontal row and the locus of greatest observed intensities is very imperfect, though the two are of the same type, and coincide in the progression with v' = 0. The data available for constructing the curve for the upper state are, however, very imperfect, and it is not surprising th at there should be some discrepancy between theory and observation.
The processes involved in the production of the band system under consideration appear to be as follows: Light from the aluminium spark, of wave-lengths 1854 and 1862 A, is absorbed by cold iodine vapour (most of the molecules of which have zero vibrational quantum number) and the molecules are raised to the level, with a very considerable amount of vibrational energy. In the absence of foreign gas, fluorescence of the ordinary type takes place (Oldenberg 1924; Duschinsky, Hirschlaff and Pringsheim 1935) , and some of the molecules return to the various vibra tional levels of the normal 12'+ state. Other molecules undergo transitions which lead to the emission of the McLennan bands (McLennan 1914) ; the nature of these transitions is still obscure (Duschinsky and Pringsheim 1935 b) . In the presence of foreign gas, however, the excited molecules hand over some of their vibrational energy during collisions with the foreign gas molecules, and as a result there is a concentration of iodine molecules in the lower vibrational levels of the state; the rotational energies of these molecules will be affected by the collision processes and will, if collisions are numerous enough, be distributed more or less according to the MaxwellBoltzmann law. Transitions will occur to th at part of the 12'+ potential energy curve lying immediately below the minimum of the potential energy curve; this portion corresponds to twenty quanta of vibrational energy. The resulting band spectrum, with its peculiar intensity distribution, is the one described in this section.
The mechanism described above accounts satisfactorily for the observa tion of Gerlach and Gromann (1923) th at the " continuum " 3425 is very prominent in a discharge tube spectrum at high temperatures. At high temperatures, an appreciable number of molecules in the normal state will have vibrational energies of twenty or more quanta. Excitation of these molecules to the level will result in an appreciable concentration of molecules in the lower vibrational states of this level, for, according to the Franck-Condon principle, transitions will occur chiefly without change of intemuclear distance. The return of the molecules to the normal state will be accompanied by emission of the 3425 " continuum " . The spectrum so em itted will contain bands originating from many vibrational levels of the state and will therefore appear as a continuum.
The band system 4321-4041 A ( " 4300 A)
The appearance of this system (plate 12, spectrum (a)) is strikingly similar to th a t of the system dealt with in the preceding section, bub the intensity of the whole system is very much lower. Wave-lengths and wave numbers of the band heads are given in table 5. I t has not been possible to make a satisfactory analysis here, but it seems certain th at in these bands, as in those of the last section, co" is very nearly twice as great as t of analysis is probably due to this feature. The vibrational frequencies (o' and oj" lie between 90 and 100, and 190 and 200 cm.-1 respectively. No doubt the peculiar intensity distribution (a very sharp fall on the long wave side, giving the appearance of an " edge " ) is due to the same cause as in the bands in the region 3450-3040 A. I t should be pointed out that, although there appears to be a fairly long progression of strong bands in the system, the intervals between consecutive bands are sufficiently irregular to show th a t it is not really a single progression.
The band system 4630-4440 A
These bands differ from all the others with which the present work is concerned in th at they degrade to the violet, indicating th at o)' > oj". As may be seen from plate 12, spectrum (a), the system contains only a small number of heads, of which the most intense by far is situated at 4596 A. Table 6 gives the wave-lengths and wave numbers of the band heads. There are indications of a progression with successive intervals of 126 and 132 cm._1, with the intervals increasing towards the high-frequency end of the spec trum ; hence these intervals are presumably those between successive vibrational levels of the lower electronic state concerned. The analysis is by no means clear, however, chiefly owing to the small number of bands developed under the conditions of observation. I t has yet to be established whether the emitter of these bands is an iodine molecule, since they have been observed only in the presence of iodine and nitrogen. The influence of excitation conditions upon the spectra produced
In an attem pt to correlate the various band systems here described with the electronic levels of I 2. fluorescence spectra of iodine have been photo graphed using various pressures of nitrogen up to 1 atm. As far as possible, the same exposure was given for each of these spectra, which may be seen on reference to plate 13. In addition to the fluorescence spectra, the spectrum of iodine excited by active nitrogen (which was observed by Fowler and Strutt 1923) is reproduced on this plate. All these spectra were photographed on Ilford Rapid Process Panchromatic plates. A detailed photometric com parison of the intensities of the bands under various conditions of excitation would be very difficult to carry out satisfactorily, and has not been attempted. The main features revealed by visual inspection (some of which'have been noted by Oldenberg 1924) are as follows:
The fluorescence band system ->127+, which forms the 3425 " con tinuum " , is very weak a t low-nitrogen pressures, and increases in intensity with increasing nitrogen pressure up to about 2 cm. pressure (of mercury). At higher pressures still, the intensity of the higher frequency part of this system is reduced, but the intensity of the maximum increases slowly up to a pressure of a t least 1 atm . of nitrogen. The individual bands in the system are easily seen in the original plate at 10 cm. nitrogen pressure, but are much clearer with a pressure of nitrogen of 1 atm. When excited by active nitrogen a t a pressure of 2 cm. of mercury, the system shows the individual bands much more distinctly than does the fluorescence spectrum with the same pressure of nitrogen, though the reproduction does not show this very well, owing to the limited range of density which the bromide print can reproduce. Little trace, if any, of McLennan's diffuse bands (which appear on the fluorescence spectrum taken in pure iodine vapour) can be seen in the spectrum excited by active nitrogen a t a pressure of 2 cm. of mercury, though they show quite distinctly in the fluorescence spectrum with nitrogen pressures up to 10 cm.
In fluorescence, the band system 2727-2524 A first appears distinctly at about 10 cm. pressure of nitrogen, and does not alter greatly in intensity when the pressure of nitrogen is increased to 1 atm. This system is very feeble in active nitrogen, and the individual bands of which it is composed do not show up at all clearly.
The band system 4321-4041 A (the " continuum" 4300) is situated in a region where the McLennan bands are strong, and estimates of intensity at low pressures may be falsified thereby. I t is clear, however, th at this system suffers a considerable reduction in intensity when the pressure of nitrogen is increased from 10 cm. of mercury to 1 atm. The system is relatively strong in the spectrum excited by active nitrogen.
The intensity of the band system 4630-4440 A increases with increasing pressure of nitrogen up to about 2 cm. pressure, after which further increase of pressure causes a diminution of intensity. W hat appears to be a con tinuation of the same system shows in the spectrum, excited by active nitrogen, as a row of nearly equally spaced diffuse bands, which can be followed nearly to 4300 A.
Besides these band systems, which have been considered in some detail, there are several apparently diffuse or continuous bands in the spectra shown on plate 13, quite apart from the McLennan bands. There are two such bands with maxima of intensity at 4740 and 4650 A respectively, which appear strongly on the spectrum excited by active nitrogen, and rather weakly in fluorescence with high pressures of nitrogen. They show no struc ture on the photograph from which spectrum (a), plate 12, was made, and may be regarded for the time being as continuous. I t is not certain what relation these bands bear to the band system 4321-4041 A, which itself appears as a very diffuse band on the low dispersion photograph reproduced on plate 13. There are also three diffuse, broad bands in the spectrum excited by active nitrogen, with fairly sharp long wave limits, whose maxima of intensity lie at 2878, 2829 and 2769 A respectively. It is not unlikely th a t each of these apparently diffuse bands is itself really a system of bands with intensity distribution similar to th at of the band system 2727-2524 A. No trace of these three bands, or systems of bands, appears in the spectra excited by fluorescence in the presence of nitrogen. Finally, there is a broad, apparently continuous band at 5100 A, which is much stronger at high pressures of nitrogen than at low pressures; this has been shown by Oldenberg to be present only when nitrogen is present, and is attributed by him to a photochemical reaction between iodine and nitrogen.
Emission "continua" of Cl2, Br2 and I 2 It now appears certain from a comparison of the emission spectra of Cl2, Br2 and I 2 excited by active nitrogen (Cameron and Elliott 1939, and this paper) and by an electrical discharge through the vapour (see for example Ludlam and West 1924) th at the " continua " whose maxima of intensity lie at wave-lengths 2580, 2880 and 3425 A respectively are analo gous, and since the present work shows th at the I 2 " continuum " is a band system, very probably due to a -> transition, all these so-called continua may be assigned to the same transition; they are not really continua at all, but are band systems with an unusual distribution of intensity. The interpretation of the 2580 A " continuum" in Cl2 suggested by Cameron and Elliott (1939) must therefore be rejected in favour of th at given above.
Summary
The fluorescence spectrum of iodine vapour in the presence of nitrogen at 1 atm. pressure has been photographed. The spectrum contains four separate band systems.
A vibrational analysis has been carried out for two of these systems, one of which is often referred to as the " continuum " 3425, and which is due to a -> transition. The effect of varying nitrogen pressures on the intensities of the bands has been examined.
The spectrum of iodine vapour excited by active nitrogen has been photographed and compared with the fluorescence spectra of iodine vapour in the presence of nitrogen.
D escription of plates 12 and 13

Plate 12
The plate shows the fluorescence spectrum of iodine vapour excited by the light from a condensed aluminium spark, in the presence of one atmosphere of foreign gas (nitrogen). The iodine vapour was at a temperature of about 40° C.
Owing to the sharp falling off in intensity from the maximum with increasing frequency, spectrum (6) could only be reproduced satisfactorily by making a com posite print from several plates which had received different exposure times. Spectra (a) and (c) are each from a single plate, but the exposure given to the print (c) was graded to allow the weak bands at the high frequency end of the spectrum to show. Within the region covered by the spectra, all the bands listed in the tables are marked.
Plate 13
The spectra (a) to (e) inclusive are produced by fluorescence in iodine vapour at room temperature, using the light of a condensed aluminium spark for excitation. The pressure of foreign gas (nitrogen) present is indicated in cm. of mercury. As far as possible, the exposures given to these spectra were the same. Spectrum (/) was excited by active nitrogen (at a pressure of 2 cm. of mercury) to which was added iodine vapour at about 30° C. 
